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I 
Formation of hydrocarbons from H2 + CO over metal catalysts is  of considerable  
i n t e r e s t  and has been s tudied a t  length.  Hydrocarbons can a l s o  be formed i n  
e l e c t r i c a l  discharges.3, 5-9. l1-I7/ and t h i s  o f f e r s  an i n t e r e s t i n g  a l t e r n a t i v e  f o r  
producing hydrocarbons from H2 + CO. 
where the gases a t  10 t o r r  pressure c i r c u l a t e d  through a discharge (50 Hz) between 
metal e l e c t r o d e s ,  then through a mercury vapor pump, a l i q u i d  a i r -cooled  t r a p ,  and 
back t o  the  discharge.  Conversion of CO t o  hydrocarbons was very low f o r  one pass  
through the  discharge,  but by r e c i r c u l a t i n g  the gases  f o r  100 minutes, p r a c t i c a l l y  
a l l  of the  CO would react. 

F ischer  and Peters?/ worked with a flow system 

Unt?’ and Epple and Ap&1 worked with e l e c t r o d e l e s s  radiofrequency (2-110 MHz) 
discharges  i n  s t a t i c  r e a c t o r s  a t  pressures  up t o  300 t o r r .  
and H2 + C 0 2  t o  C q  were q u i t e  high f ? f / r e a c t i o n  times of severa l  minutes; no o ther  
hydrocarbons were formed. McTaggart,- and Vastola e t  a1.161 working with 
e l e c t r o d e l e s s  microwave (2450 MHz) discharges  i n  flow systems a t  p ressures  of a few 
t o r r  formed only t r a c e s  of hydrocarbons from H2 + CO. Here, the gas  passed through 
the  discharge only once, and the  residence t i m e  w a s  a f r a c t i o n  of a second. However, 
work i n  our laboratory has shown t h a t  i n  a s t a t i c  r e a c t o r ,  and with r e a c t i o n  times of 
the  order  of a minute, CO can be converted i n  high y i e l d s  t o  hydrocarbons i n  an 
e l e c t r o d e l e s s  microwave discharge i n  H2 + CO. under condi t ions where e s s e n t i a l l y  no 
polymers are formed. 

Conversions of H2 + CO 

EXPERIMENTAL PROCEDURES 
Reactions were c a r r i e d  out  i n  11-nun ID c y l i n d r i c a l  Vycor r e a c t o r s  placed i n  a coaxia l  
c a v i t y  (Ophthos Instruments ,  s i m i l a r  t o  type 2A descr ibed by Pehsenfeld e t  a1.21) 
connected by a coaxia l  cab le  t o  a Raytheon KV-lWA CMD-10 2450 MEz generator .  
For  a run, the  reac tors  were evacuated t o  < 3 p and f i l l e d  with e i t h e r  5:l  Hz-CO 
or var ious  H2-CO-Ar ( t y p i c a l l y  5.1:1.0:0.4) mixtures prepared from tank gases  and 
s tored  i n  the  vacuum system. Product ana lyses  were made on a CEC 21-1OX mass 
spectrometer .  Net power i n t o  the discharge,  measured w i t h  a Microwave Devices 
model 725.3 meter, was approximately 36 watts, al though lower power l e v e l s  could be 
used. A i r  was blown through the c a v i t y  t o  cool  the  r e a c t o r  somewhat, but  t h e  , 

est imated wal l  temperature in  the discharge was s t i l l  severa l  hundred degrees  C .  

Runs with argon gave the same r e s u l t s  as i n  the  absence of A r ,  and t h e  r a t i o  of 
total-carbon-to-argon i n  the  product was u s u a l l y  a few percent lower i n  the  product, 
but d id  not  vary by more than + 10 percent  from its value i n  the o r i g i n a l  mixture, 
i n d i c a t i n g  t h a t  only n e g l i g i b l e  amounts of polymers were formed i n  the  r e a c t i o n .  
For H2 + CO mixtures without  A r  i t  w a s  assumed t h a t  polymer formation was n e g l i g i b l e ,  
so long as reac t ion  condi t ions  were similar. 

A s  a precaut ion aga ins t  the gradual  a c c u m l a t i o n  of small amounts of polymer i n  the 
r e a c t o r s ,  they were cleaned before  each run by maintaining a discharge i n  O2 a t  
about 10 t o r r  f o r  3 minutes t o  oxidize any carbonaceous mater ia l  p r e s e n t .  This was 
repeated twice,  with f r e s h  samples of 02. 
t h e n  maintained f o r  3 minutes in the  r e a c t o r .  This was a l s o  repeated twice,  with 
f r e s h  samples of H2.  Since t h e  reac t ions  t o  be s tudied  were t o  be c a r r i e d  out i n  
a reducing environment, t h i s  treatment with H2 was f e l t  to  be d e s i r a b l e  a f t e r  the 
O2 d i scharge .  

A discharge i n  H2 (about 10 t o r r )  was 
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RESULTS 

Figure  1 shows the r e s u l t s  of experiments made a t  i n i t i a l  gas pressure of 12 + 1 
t o r r  in  36-cm long by 11-mm I D  r e a c t o r s .  The percent  of carbon present i n  the  
product a s  C2Hp and a s  CH4 + C2H2 is  p lo t ted  vs. reac t ion  time. Figure 2 shows 
t h e  percent  of carbon present  i n  the product as CH4 f o r  the same runs.  
and occasional ly  s l i g h t  t r a c e s  of  o ther  hydrocarbons, were a l s o  present  in the  
product. 
times of 30-120 seconds. F i g u r e  3 shows the  r e s u l t s  of experimentslmade a t  i n i t i a l  
g a s  pressures  of  50 t 3 t o r r  i n  20-cm long by 11-mm ID r e a c t o r s ,  Here, the  percent 
of carbon present  a s  CH4 + C2H2 i s  a t  a m3ximum of 24-25); f o r  r e a c t i o n  times of 
3-4 minutes. There is cons iderable  s c a t t e r  In the  d a t a ;  the dashed curves a r e  
intended t o  show only the genera l  t rend.  

Water, C 0 2 .  

The conversion of CO t o  CHq + C2H2 reaches a maximum of 17-18% f o r  react ion 

These da ta  show t h a t  conversion of  CO t o  hydrocarbons i n  the discharge under these 
condi t ions  i s  Limited. The composition of  t h e  gases  i n  the r e a c t o r  approaches a 
s t a t i o n a r y  s t a t e ,  f o r  r e a c t i o n  times of t h e  order  of 0.5 t o  3 m i n u t e s ,  depending 
upon the  pressure.  Because of the  geometry of the  r e a c t o r s ,  and the  volume of a 
r e a c t o r  r e l a t i v e  t o  t h e  volume occupied by the d ischarge ,  the time required t o  
reach  the s t a t i o n a r y  s t a t e  appears  t o  be longer than is a c t u a l l y  so, due t o  the 
r e l a t i v e l y  long times requi red  f o r  d i f f u s i o n  of gases  i n t o  and out of the discharge. 
(The 36-cm long r e a c t o r s  were used f o r  the  runs made a t  1 2  t o r r ;  f o r  the runs mede 
a t  50 torr, the s h o r t e r  20-cm long r e a c t o r s  were used. 
showed t h a t  the conversion of CO t o  CH4 + C2H2 a t  50 t o r r  i n  36-cm long reac tors  
was e s s e n t i a l l y  the  same as f o r  the 20-cm long r e a c t o r s ,  but took 1-2 minutes 
longer  t o  achieve m x i m m  convers ions . )  

High y i e l d s  of  gaseous hydrocarbons from H 2  + CO have now been shown t o  occur in 
low-frequency (50 H z l l  and 60 H Z / )  discharges ,  radiofrequency (2-110 MHz)?/ and 
microwave (2450 MHz) discharges .  However, i n  a l l  of these  c a s e s ,  the  reac t ion  does 
not  appear to  be an extremely rap id  one, such a s  is t h e  case f o r  d i s s o c i a t i o n  of 
diatomic molecules i n  a d i scharge ,  f o r  instance.  

For  r e a c t i o n  times longer  than those needed t o  reach  maximum conversions,  the 
conversions appear t o  decrease .  This is probably due t o  some polymer f o m t i o n ,  
but  not  enough t o  show up as a 10% decrease i n  t h e  a n a l y t i c a l l y  determined C / A r  
r a t i o .  Several runs a t  12 t o r r  (not p l o t t e d )  of 5 minutes dura t ion ,  and some 
longer  runs,  including one a t  50 torr f o r  10 minutes, gave values  of the C/Ar 
r a t i o  more than 10% below t h e  i n i t i a l  va lue  of t h e  r a t i o ,  and t h i s  was considered 
evidence of polymer formation.  Here, a l s o ,  the  y i e l d s  of CH4 and C2H2 were lover. 

Conversions of CO could b e  increased by removing reac t ion  products ae they forrmd, 
by having a cold t r a p  surround the bottom 5 c m  of the r e a c t o r  before  and during 
t h e  t i m e  t h a t  the  d ischarge  was maintained a t  a d i s t a n c e  of 10 cm from the  bottom. 
The discharge is l o c a l i z e d  and extends over a d i s t a n c e  of about 2 c m .  As shown in 
t a b l e  1, the conversion of CO increased markedly and the  product d i s t r i b u t i o n  
changed. Values for the C/Ar  ra t io  i n d i c a t e d  that  polymers were not  formed. A l s o ,  
t h e r e  is no i n d i c a t i o n  t h a t  the product d i s t r i b u t i o n  is any d i f f e r e n t  in t h e  presence 
of A r  than i n  i t s  absence. The f i r s t  t h r e e  columns in the  t a b l e  are f o r  t h e  3- 

Prel iminary experiments 

minute runs shovn in f i g u r e s  1 and 2. 
or longer ,  with Dry I c e  ( - 7 8 O )  surrounding the end of the  r e a c t o r ,  the percent Of 
carbon present  in t h e  f i n a l  product as CHq is 51%; C2H2, 17%; C z R g ,  la. A t  t h i s  
temperature ,  the only r e a c t i o n  product f rozen o u t  is H 2 0 .  Apparently, the removal 
of t h i s  is s u f f i c i e n t  t o  i n c r e a s e  the convereion of CO t o  hydrocarbons t o  approxi- 
mately 78%. 

When the  discharge was maintained f o r  3 minutes’ 
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Fiqure 1.- Formation of hydrocarbons from H 2 +  CO in 

microwave- generated discharge:  acetylene 0, 
acetylene + methane 0. Initial gas pressure = 
1251 torr. 
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Figure2.-Format ion of CH, f r o m  H , t  C O  in 
microwave -generated d i s c h a r g e .  I n i t i a l  
gas pressure= 12 t I torr. r 
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Figure3.-For mation of hydrocarbons from He + CO in 
microwave- generated discharge:  methane CY, 
acetylene A, acety lene + m e t h a n e  0 .  In i t ia l  
gas pressure=50+ 3 torr. 
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The next  f i v e  c o l u w s  i n  t a b l e  1 show t h a t  with l i q u i d  N 2  cool ing  (-196'), the  
percent  of  carbon i n  the  product a s  CH4 i n  only 4%; C2H2 + C2H6 (with the l a t t e r  
predominating) 81%; C3 + C4 hydrocarbons, 69.; more H20 and C02 a r e  a l s o  formed. 
The mass spectrometr ic  analyses  indicated t h a t  t r a c e s  of oxygenates were a l s o  
present  i n  the products of these runs,  but i n  such small a m u n t s  t h a t  no i d e n t i -  
f i c a t i o n s  could be attempted. For  some unknown reason, C2H4 is n o t  formed under 
these  condi t ions.  
none was found.) 
the mixture a r e  H2,  CO, and CH4; a l l  the  o t h e r  products are frozen but. 
specula te  t h a t  the high y i e l d  of C2H6 is  due e i t h e r  t o  a recombination of CH3 
r a d i c a l s  a t  the cold s u r f a c e ,  or hydrogenation of C2H2,  but the  mechanism of 
formation of any of the hydrocarbon products is not  known. 

The n e x t - t o - l a s t  p a i r  of columns i n  tab le  1 show t h a t  very high conversions of CO 
t o  C2-  and higher  hydrocarbons can be obtained using a 2.2:l H 
Here, a l s o ,  the C 0 2  production i s  h igher ,  and the CH4 lower, t i a n  compared with 
the more hydrogen-rich r e a c t a n t  mixture .  The l a s t  p a i r  of columns, giving da ta  
f o r  runs made a t  50 t o r r ,  i n d i c a t e  t h a t  C2H2 was, by f a r ,  t h e  predominant product 
i n  these runs. 

(Several runs were analyzed by gas  chromatography For C2H4 and 
A t  a temperature of -196O, the only non-condensables present  i n  

One can 

+ CO mixture. 

The almost complete conversion of CO t o  hydrocarbonqH20, and C02, obtained by 
cool ing the bottom of the r e a c t o r ,  i s  revers ib le .  Several  a d d i t i o n a l  experiments 
(a t  12 t o r r ) ,  where the gases  were reacted f o r  3 minutes while t h e  reactor was 
cooled,  the bottom of the  r e a c t o r  then warmed t o  room temperature i n  a few seconds 
with a water bath,  and t h e  gases  reac ted  f o r  2 more minutes, gave the same product 
compositions a s  f o r  the runs shown i n  f igures  1 and 2. 

Table 2 g ives  t h e  r e s u l t s  of some preliminary experiments where water vapor w a s  
added t o  the H2 + CO + A r  m i x t u r e  before  r e a c t i o n .  The water vapor  w a s  added t o  
the  previously evacuated r e a c t o r  and a por t ion  of t h e  vacuum system connected t o  
a Pace Engineering Co. Model P7 pressure t ransducer  containing a + 1 p s i  diaphragm. 
The output  of t h i s  was ind ica ted  on a Pace Model CD25 t ransducer  ind ica tor .  After  
the water vapor p a r t i a l  pressure was measured, the stopcock t o  the  r e a c t o r  was 
closed and the water f rozen a t , t h e  bottom of the r e a c t o r .  
f i l l e d  with the H2-CO-Ar mixture ,  the bottom of t h e  r e a c t o r  warmed s l i g h t l y ,  and 
3 minutes allowed f o r  mixing of the gases before  the  discharge w a s  i n i t i a t e d .  

Even from these few experiments, i t  can be seen t h a t  adding water  vapor t o  the 
i n i t i a l  reac tan t  mixture has a s t r o n g  i n h i b i t o r y  e f f e c t  on the  production of 
hydrocarbons. 
Comparison of the  second and t h i r d  runs l i s t e d  i n  the t a b l e  shows t h a t  3 minutes 
reac t ion  time increases  the  y i e l d  of hydrocarbons only s l i g h t l y  as compared to 'one 
minute. The l a s t  two runs i n  the t a b l e  show t h a t  when the  water vapor p a r t i a l  
pressure is  equal t o  or g r e a t e r  than the  CO p a r t i a l  p ressure  in t h e  r e a c t a n t  gas 
mixture ,  no hydrocarbons a r e  produced a t  a l l .  

The pronounced i n h i b i t o r y  e f f e c t  of H20 vapor on hydrocarbon formation in t h i s  
reac t ion  may explain some of the s c a t t e r  of the  d a t a  shown i n  f i g u r e s  1, 2, and 3. 
I t  is possible  t h a t  small (and v a r i a b l e )  amounts of H20 vapor w e r e  adsorbed on the 
walls of the r e a c t o r  tubes ,  and t h a t  t h i s  decreased the  hydrocarbon y i e l d  in (some 
o f )  the  runs by a varying amount which shows up as scatter i n  t h e  da ta .  Fur ther  
experiments would have t o  be done t o  shed more l i g h t  on t h i s  po in t .  However, there  
a r e  o ther ,  a s  y e t  unknown, sources  of v a r i a b i l i t y  i n  the experimental condi t ions 
which a l s o  undoubtedly c o n t r i b u t e  t o  t h e  scatter i n  t h e  d a t a .  

The r e a c t o r  was then 

(The C02 y i e l d  is increased due t o  the  reac t ion  H20 + CO +C02 + H2.) 
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TABLE 2. - E f f e c t  of adding water t o  the H7-CO-Ar  mixture. 
Bepression of hydrocarbon formation 

Run 11153 

I n i t i a l  H2-CO-Ar (5.1 : 1.0:0.4) 

I n i t i a l  H 2 0  pressure .35 

10.8 
pressure t o r r  

added, t o r r  
Time of discharge,  min. 1 

Percent  of carbon present  
i n  product as 

4.0 

C2H2 4.2 
CH4 

co2 3.3 

Hydrocarbons 8.2 

11152 11154 11152 

12.6 13.9 11.8 

.85 .95 1.83 

1 3 1 

1.9 1 . 7  0.0 

1.8 2.6 0.0 
4.6 4.5 8.8 

3.7 4.3  0 

11013 

12.7 

1 6  

1 

0.0 

0.0 
23.1 
0 .i 

I 

t h e  reac t ion  in I 1 
a s t a t i o n a r y  i 

r e a c t i o n  of these 

DISCUSSION 

The d i f f e r e n t  conversions of CO can be explained by assuming t h a t  
the  discharge.  without cool ing  the  bottom of t h e  r e a c t o r ,  reaches 
s t a t e  where-the production of-CH4 and C2W2 i s  l imi ted  b y - t h e  back 
hydrocarbons with H20 and/or  C02 to form H2 + CO. 
with the  runs i n  f i g u r e s  1 and 2 ,  i n d i c a t e  t h a t  conversion of CO t o  hydrocarbons is 
increased  a t  higher i n i t i a l  p r e s s u r e s ,  as would be expected for a r e a c t i o n  where the 
volume of the products i s  less than the r e a c t a n t s .  When one or more of the reac t ion  
products  are removed from t h e  discharge zone by being frozen o u t ,  the Stat ionary 
s ta te  s h i f t s  and more CO reacts to  form hydrocarbons. When the  frozen-out hydro- 
carbons a r e  re-introduced i n t o  t h e  d ischarge ,  they react very r e a d i l y  t o  re-form 
t h e  i n i t i a l  s t a t i o n a r y  state composition. I f ,  on the o ther  hand, water  vapor i 0  
added t o  the i n i t i a l  r e a c t a n t  gas mixture, the conversion of CO t o  hydrocarbons is 
repressed .  

The d a t a  i n  f i g u r e  3, by comparison 

1 

These experimental observa t ions  can be sunmed up by d iscuss ing  the  r e a c t i o n  
H + CO + C q  + H20 i n  terms of a s t a t i o n a r y  s ta te  i n  the  discharge which can 
s h f t  i n  the d i r e c t i o n  that would be predicted by applying L e  Chatelier's pr inc ip le .  
Actua l ly ,  i n  t h i s  r e s p e c t ,  t h e  system behaves as i f  i t  were i n  chemical equilibrium. 
Q u a l i t a t i v e l y ,  t h i s  i n t e r p r e t a t i o n  o the d a t a  is very reasonable. F ischer  and 
Peters ,? /  Wendt and E v a n s , E l  Lunt,?j and Epple and A p S /  have a l l  d iscur rcd  the 
product ion of hydrocarbons from H2 + CO i n  terms of e q u i l i b r i a  i n  the diocharge. 
However, simple arguments shov t h a t  any d iscuss ion  of e q u i l i b r i a  in  discharges is 
n o t  a s t ra ightforward one because of the  absence of temperature e q u i l i b r i  

M a n e s /  has pointed out  t h a t  i n  the  statistical mechanical d e r i v a t i o n  of t h e  
equi l ibr ium constant  i n  terms of t h e  p a r t , i t i o n  func t ions ,  the  func t iona l  form Of 
t h e  equi l ibr ium constant  express ion  follows from the conservat ion of atom i n  the 
system. 
t o  some equi l ibr ium "constant"  i n  a n  e l e c t r i c a l  discharge system, although th 
magnitude of t h i s  cons tan t  vi11 n o t  be d e r i v a b l e  from equi l ibr ium thermodynndc 
proper t ies .  

1 

, 

1 

) the  var ious  species - e l e c t r o n s ,  i o n s ,  and molecules - i n  t h e  discharge.- i$-* 

j 
I 

This leads t o  the  l ike l ihood that the  H2-CO-CH4-B20CO2 r y s t a  vlll eoafom 

' 1  
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Given the  exis tence of t h i s  equi l ibr ium "constant" f o r  (some) r e a c t i o n s  occurring 
i n  a d i scharge ,  we would then expect Le C h a t e l i e r ' s  p r i n c i p l e  t o  apply. In f a c t ,  
the  "constant" need be  only approximately cons tan t ,  a s  condi t ions  change over a 
c e r t a i n  range, f o r  the  system t o  e x h i b i t  q u a l i t a t i v e  changes i n  accordance with 
Le C h a t e l i e r ' s  p r i n c i p l e .  

For  a preliminary inspec t ion  of the q u a n t i t a t i v e  aspec ts  of these e q u i l i b r i a  
"constants ,"  from t h e  d a t a  i n  t a b l e  2 and the  tWo one-minute runs i n  f igures  1 and 
2,  values  were ca lcu la ted  f o r  I 

P X P  
CO H20 

K1 = P X P  
co2 H2 

\ 
.\ 

t 

and 

P X P  
CH4 H20 

K 2  = --- 
P x P3 

GO n2 

These a r e  given i n  t a b l e  3. I f  these e q u i l i b r i a  had been e s t a b l i s h e d  in an ord inary  
thermal system, the va lues  f o r  K 1  and K2 would depend only on temperature. However, 
these  "equi l ibr ia"  were e s t a b l i s h e d  i n  a r e a c t o r  system where p a r t  of the gas  was i n  
an e l e c t r i c a l  discharge.  Since we cannot def ine  one temperature f o r  the  discharge,  
t h e  experimental va lues  obtained f o r  K1 and K2 depend on the  parameters which 
c h a r a c t e r i z e  the discharge,  such a s  r a t e  of  energy input ,  geometry of the reactor, 
t h e  volume of gas  in t h e  discharge r e l a t i v e  t o  t h e  volume of the r e a c t o r ,  and t h e  
e l e c t r i c a l  v a r i a b l e s ,  such as f i e l d  s t r e n g t h ,  e t c .  

The va lues  obtained f o r  K1 and K 2  can be used t o  def ine  a "chemically equivalent  
temperature" f o r  the  gases  i n  the d ischarge .  
corresponds t o  a "temperature" of 1300'K. 
small change of K with temperature f o r  t h i s  reac t ion  near  130O0K. 
value f o r  K 2  corresponds t o  a "temperature" of approximately 800'K. 
much the  same l i n e  of thought, Epple and A p g l  c a l c u l a t e d  "equivalent  temperatures" 
of about 750'K from va lues  of K 1  and 850'K from va lues  of K2 obtained from the  data 
on the  H2-CO-CQ-H20-C02 system in t h e i r  s t a t i c  radiofrequency r e a c t o r  experiments. 
The s i g n i f i c a n c e ,  i f  any, of these "temperatures" ca lcu la ted  from t h e  discharge 
d a t a ,  is  unknown. 

Thus, the average value f o r  K1 
This is very approximate, due t o  the 

The average 
Pursuing 

TABLE 3. - Values of equi l ibr ium "constants" c a l c u l a t e d  
from t h e  d a t a  i n  t a b l e  2 

"Temperature, I' 
Run 11153 11151 11154 11152 11013 2154 4272 O K  

K 1  

K2 

K4 

1.4 1.8 1.9 2 . 0  1.9 1.1 1.9 1300 

21  12 9 - 1/ - 11 22 33 800 

K3 x I d  7.4 17  37 - 11 - 11 4.5 6.3 1300 

11 2.1 6.9 3.2 - 11 - 3.2 2.5 

11 me t o  the  l a r g e  concent ra t ion  of H20 vapor, no hydrocarbons were produced 
i n  these runs. 
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One unusual f ind ing  of Epple and Apt i s  t h a t  CH4 was the s o l e  hydrocarbon produced 
under t h e i r  coadi t ions.  Even though CH4 was present  in t h e  discharge f o r  minutes, 
no C2H2 was produced. 
genera tor )  and can  confirm t h i s  f ind ing ,  as w e l l  a s  t h e i r  values  f o r  the  amount of 
CO converted to CH4 i n  a radiofrequency discharge.  
always produced in  the  reaction i n  a microwave discharge.  
t h i s  d i f fe rence  i n  products  i n  the t w o  cases ,  perhaps some s igni f icance  can be found 
i n  t h e  approximate va lues  o f  1300°K c a l c u l a t e d  from K 1  f o r  our microwave discharge 
runs as cont ras ted  with 750'K from K1 ca lcu la ted  by Epple and Apt. The d i f fe rence  
in these "temperatures" may b e  another  ind ica t ion  o f  what we f e e l  i n t u i t i v e l y  - 
namely, t h a t  the microwave d ischarge  is "hot ter"  than the radiofrequency discharge, 
because of the h igher  va lue  of energy input  per  mole of gas  in t h e  discharge.  

Values were a l s o  c a l c u l a t e d  for  

We have repeated t h e i r  experiments (using a 400 mz 
On the other  hand, C2H2 is 

( 
In at tempting to explain 

P x P3 
CZH2 "2 

P2 
CH4 

Kg = 

and 2 
P X P  
C2H2 H20 

P2 x P3 
K4 = 

CO HZ 

and a r e  g iven  in t a b l e  3. 
"temperatu e" f o r  t h i s  reaction of approximately 130OOK. 
K 4  (K4 - K: x K ) a r e  mrch h igher  than there  is any reason t o  expec t ,  s i n c e  f o r  
t h i s  r e a c t i o n ,  j o g  K = -4.6 a t  300°K, and decreases  with increas ing  temperature. 
The va lues  ca lcu la ted  f o r  K4 i n d i c a t e  t h a t  t h e  r e a c t i o n  

From the average value f o r  K3, one can c a l c u l a t e  a 
The va lues  f o r  

I 

is n o t  even remotely near  any s o r t  of equi l ibr ium in the  discharge;  the  amount of 
CZHZ formed is f a r  g r e a t e r  than  can be accounted f o r  a t  equi l ibr ium. 

I n  summary, i t  is h e l p f u l  t o  d i s c u s s  q u a l i t a t i v e l y  a t  least some r e a c t i o n s  in 
discharges  f r o m  the  point  of view of s t a t i o n a r y  s t a t e s  o r  e q u i l i b r i a ,  which can 
s h i f t  according t o  Le C h a t e l i e r ' s  p r i n c i p  . Admittedly, t h i s  approach te  

discharge  react ions in terms o f  e q u i l i b r i a ,  and it w i l l  be of  i n t e r e s t  t o  see how 
u s e f u l  these  ideas  prove t o  be in i n t e r p r e t i n g  chemical reac t ione  in discharges.  

The au thors  wish t o  thank Gus Pantages, Waldo A. S t e i n e r ,  and Paul  Golden f o r  t h e i r  
t e c h n i c a l  a s s i s t a n c e ;  A. G. Sharkey, Jr. and Jane t  L. Shul t r  f o r  the mass- 
spec t romet r ic  analyses;  and D r s .  Irving Wender and Frederick Kaufman f o r  t h e i r  

s p e c u l a t i v e  a t  t h e  moment. Other workers- 19 are a l s o  attempting t o  d iscuss  

i 

valuable  d iscuss ions .  / 
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